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In a new process for the manufacture of furfural, a pentosan-
containing raw material acidified or not, is heated to a
temperature T; by admitting steam through valve 2 while the-
valves 3 and 4 are closed. During the very short heating
process, the steam condenses, thus increasing the moisture
content of the charge. Then, valve 2 is closed and a leak valve 3
is opened so as to produce a steady small flow of product
vapour by gradual depressurisation. This causes a slow drop in
temperature. When in this fashion a suitably chosen
temperature T, is reached, the leak valve 3 is closed to
terminate the first "gradual depressurisation”. If at the end of
this period no more furfural was obtained, the digestion is
completed by opening valve 4 to discharge the residue. If,
however, furfural was still obtained, the reactor is reheated and
submitted to another "gradual depressurisation” period.
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PROCESS FOR THE MANUFACTURE OF FURFURAL

TECHNICAL FIELD OF THE INVENTION
This invention relates to a process for the manufacture of furfural.
BACKGROUND OF THE INVENTION

Chemical reactors must be designed to suit the characteristics of the process
intended.  In making furfural, this has not been the case.  For the first industrial
production of furfural, QUAKER OATS used reactors from an abandoned cereal process as
they happened to be available. and such reactors have been used ever since.  Later.
ROSENLEW and ESCHER WYSS built furfural plants based on reactors designed for
making wood pulp.  None of the industrial furfural reactors employed today were
conceived to mect the special requirements of furfural production, and it is, therclore, not

surprising that the yiclds obtained with these reactors do not even exceed 60%.

The principal yicld losses are caused by a reaction between furfural and xylose, so
that striving for a high yield forbids having furfural and xylose in the same place. All
existing furfural reactors violate this requirement. By pointedly eliminating this

deficiency, the process here described permits attaining yields in the order of 100%.

In analytical chemistry, the conversion of pentosan or pentose to furfural is used for
a quantitative determination of these substances. This is possible as it was shown that in
this procedure the furfural yield is a proven 100%.  The procedure consists in an
atmospheric digestion of pentosan or pentose in 12% aqueous [1CI saturated with NaCl.
By contrast. in the present industrial furfural processes mentioned above. a pressure reactor
is used to submit the raw material to a stcam treatment. By condensing, the stcam effects

heating to a constant temperature. and by passing through the raw material, it entiains
furfural produced therefrom. The furfural reaction is catalysed elther by added mineral acid
or by various carboxylic acids (mainly acetic acid and formic acid) formed from the raw
material. As compared to the analytical furfural process, a fundamental difference lies in

the fact that in the latter process an appropriate heat input maintains the reaction medium in
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a state of boibing. wherecas 19y the mdustrial processes at any pressure 5 condensation of
stean s thenmodvnamically teapable of bringing the reaction meding. = pentose sofution.
to botting. because of the botling pomt elevation caused by the xvlose  he difference is
Hlustraled schemateally in Figars 1 showing phase diagrams for furineat in an agueous

sobution boiling at 110°C (12% HCT saturated with NaCl), and in un sgueons solution

boiling at 10170 (xylose solutioni.  If a small furfural concentration ¢, s generated in the
first system representing the analyiical furfural process. this leads to poind A fying in the
vagous fiekds which means that auy turfural formed in this boiling solution will be instantly
transfonned to vapour where 1 cannot react with pentose as the latier 5 not volatile,

Consequently, in this case. loss reactions between furfural and peuiose are impossible,

which explains the proven vield of 100%.
G the other hand. i @ simall furfural concentration & s geneanted o the second

systenn and if this system is heated by condensing steam at atmospheric sure, this leads

to point B dyving in the liquid fieid  Hence, in the present industrial Grfial reactors the
reaction medium is not brought 1 boiling, so that the furfural remaining 2o solation can
react with pentose to form furfinal pentose, which explains the known frghs vield losses.

The ertrainment of {urfural vapour by the stcam flow does not change this statement to any

3

significant extent, since this enttaiiument is a slow and inefficient process giving the loss

reactions in the liquid phase plenty of time to take place.

As the principal dlﬂmmm belween the analytical furfural process of 100% vield

and the industrial processes of fess than 60% yicld lies in the fact that in the first case the
action snedium is boiling while in the second case it is not boiling, it was compeliing to
create ai industrial process 1 swhich the reaction medium is maintaiing inoa state of
boiling. I view of the fact that with giant furfural reactors, charged with solids not
conductive (o being stirred, an indirect energy input by heating the walle caw be ruied out, it

is the essence of this invention i bring about continuous boiling beoo pradusi (stow)

depressunisation.  In this fashion. a uniform boiling down to molee dimensions is

enforced without a need for mixing

Apart from the poor yields achieved, the present commercial processes available are

extromely expensive to operate. This is due to the large quantities ©f <team required.
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In the preferred form of the invention. the charge material may be in solid or liquid
form. Bagassc from sugar cane is a common feed and may be added to the reactor in solid
or slurry form.  Alternative feeds may include any other pentose-containing material,

typical examples being corn cobs, bamboo, wood chips. olive press-cake amongst others.

Also in the preferred form of the invention the gradual depressurisation takes place

in the temperature range between 280° Celsius and 150° Celsius. however the preferred

- range ol operation is between 230° Celsius and 170° Celsius.

By an appropriate choice of the first and second temperatures, and by appropriate
selection of a mincral or organic acid concentration. it is possible, if desired. to complete

the process in a single depressurisation period since high temperatures and high acidity

0
result in a short reaction time. by
In the preferred form of the invention, phosphoric acid is used as the catalyst.
-
Gt

An apparatus for usc in a-process according to the invention compriscs a pressure  *”

L5,

reactor including an inlet for steam under pressurc. and an outlet for condensate vapour, the i
inlet and outlet including onc or more valves for controlling the flow rate thercthrough. facl
= 9
#.

The outlet includes, after a valve, an orifice plate of predetermined dimensions for
assisting in controlling the rate of depressurisation. In this form, the valve and orifice
platc may be operated in tandem to obtain a range of depressurisation ratcs or a flow

control valve governed by temperature or pressure can be used.
In any form of the invention the reactor may be thermally well insulated.

In an alternative form of the invention the reactor walls are designed to be heated.
Also in this form. all valve operations are preferably controlled automatically by o
computerised control unit. It has been demonstrated experimentally, on a pilot plant scale,
that by maintaining the liquid phase of the reaction medium in a state of boiling throughout

the reaction period, the furfural yield obtained is substantially greater than current
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covnzrcml processes, and i correetly controlled may approach vi achieved m the
analyvtical furtural process.  The Applicant contends further that apart from increasing the
vield. the process of the invention is operable at substantially iowwvered capital and
productions costs, for the foliowing reasons:

(1) Hhe process of the wvention does not use steam for stripping furfural from the
mass of feed material as once the reactor is sulficiently heated, the steara inlet is closed.
Furthier steam will only be l'ﬁ:(}lﬁl’f;?d briefly if a reheating cycle is empioyed.

£2). As @ result of the non-use of stcam to strip the furfursi, the volume of
condensate existing the reactor is significantly reduced and the concentration of furfural
thereri will be proportionately increased in relation to existing processes  This imcreased

turfural concentration will greatly simplify the primary azeotropic distillation. in special

cases. for nstance in the apphication of the furfural as a nematicide. a0 distillation is

¥ H
necded a1 all

i

(1 Fhe product of the invention contains less acetic and formis

serd (fermed from
the yaw material) since, aftes reaching the second predetermined iemperature of the

decompression. most of these by-products are discharged with the se:

This greatly

reduces the foading of the eflluent generated by the plant.

DESCRIPTION OF THE INVENTION

ihe process according to ihe invention is described below with reiorence o Figure
i B

2 which is a schematic diagram of the process and apparatus.

A thermally well insulated reactor | charged with raw material scidified or not, is
heated 1o a temperature T, by admitting’steam through valve 2 while the vaives 3 and 4 are

closed.  During the very shor heating process, the stcam condenses,

s increasing the

moisture content of the charge.  Then, valve 2 is closed and a leak valve 7 is opened so as

to produce a steady small flow of product vapour by gradual depressuriss ‘This causes
a slow drop in temperature.  When in this fashion a suitably choser: tesnperature T, is
reached, the leak valve 3 is closed to terminate the first “gradual depressusisation™. I at

the end of this period no more furfural was obtained. the digestion is comypicted by opening
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valve 4 to discharge the residuc. If. however, furfural was still obtained. the reactor is
rcheated and submitted to another “gradual depressurisation™ period.  This procedure can

be arbitrarily repeated.  All valve operations are governed by an automatic control unit 5.

By an appropriate choice of the temperatures T, and T, and by an appropriate
choice of the acid concentration, it is possible. if desircd, to complete the process in a
single depressurisation period since high temperature and high acidity permit a short

reaction time.

Needless to say. designing such an operation is complicated as the furfural reaction
takes placc over a wide range of temperatures (e.g. from 230°C to 160°C). but once

calculated. the practical realisation of the process is extremely simple.

As due to the continuous leak stream the reaction medium is maintained in a state
of boiling throughout the reaction period. the furfural yield corresponds to that of the

analytical furfural processes by lying in the order of 100%.
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CLAIMS:

L A provess lor the manufacture of furfural characterised in that i steps of charging
a reactor with pentosan contanng material. heating the charge &y introduction of
pressusised steam to a first predetermined temperature closing the infet vaive of the reactor,

and subjecting the charge to a gradual reduction of pressure until a sceond predetermined

temperatine s atisined, the depressurisation being at a rate sufficient o samtain the liquid

phase within the reactor in a constantly ebullient state.

2. A precesy according fo el | characterised in that the charge is aciditied prior to

heating,

3. A process according to claim | characterised in that the rate o1 <depressurisation is
sufficient to complete conversion to furfural before the second predetermined temperature

is reachied

4. A process according fo claim | characterised in that the con:picie conversion to
furfural is obtained in more than one depressurisation from the {ire predetermined

temperature to the second predeicimined temperature by the addition of sieam,

s, A process according to clatm | characterised in that steamn i+ added diming the

depressurisation, for a predeterminied period.

6, A process according to claim 1 characterised in that the graduasi depressurisation
comiprises the controlled leaking of a stream of vapour from the reaciion until the second

predetermined temperature s attained.
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7. A process according to claim 1 characterised in that the gradual depressurisation

takes place in the temperature range between 280 Celsius and 150° Celsius.

8. A process according to claim 7 characterised in that the temperature range of

operation is between 230° Celsius and 170° Celsius.

9. A process according to claim | characterised in that phosphoric acid is used as the

calalyst.

10. A process according to claim | characterised in that acetic acid is used as the added

catalyst.

1. An apparatus for the manufacture of furfural according to the process of claim 1
characterised in that it comprises a pressurc reactor including an inlet for stcam under
pressurc comprising one or more valves, and an outlet comprising a flow control valve or

the combination of a shut-off valve and an orifice of predetermined dimensions.

12. An apparatus according to claim 11 characterised in that the reactor is thermally

well insulated.

13. An apparatus according to claim 12 characterised in that the wall of the reactor is

adapted to be heated and/or heat exchange surfaces are incorporated inside the reactor.
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